Background: An increased risk of breast cancer for relatives of breast cancer patients has been demonstrated in many studies, and having a relative diagnosed with breast cancer at an early age is an indication for breast cancer screening. This indication has been derived from estimates based on data from cancer-prone families or from BRCA1/2 mutation families, and might be biased because BRCA1/2 mutations explain only a small proportion of the familial clustering of breast cancer. The aim of the current study was to determine the predictive value of a family history of cancer with regard to early onset of female breast cancer in a population based setting.
Background
Breast cancer is the most commonly diagnosed cancer in women and the second leading cause of cancer death [1] . An increased risk of breast cancer for relatives of breast cancer patients has been demonstrated in many studies [2, 3] . As physicians and the general population are becoming more aware of this increased risk, the demand for referring healthy women with a family history of breast cancer for intensive screening or genetic testing, is rising.
In most guidelines the prerequisite for starting breast cancer surveillance before the age of 50 is at least one firstdegree relative diagnosed with breast cancer under the age of 40 [4, 5] or 50 [6, 7] . Additional criteria are: more than one relative with breast cancer, relatives with bilateral breast cancer, ovarian cancer, male breast cancer, or prostate cancer before the age of 60 [8] . These criteria have been derived from estimates based on data from cancerprone families or from BRCA1/2 mutation families. As BRCA1/2 mutations explain only a small proportion of the familial clustering of breast cancer [9] , estimates based on these high-risk families may thus have limited value for the prediction of the age of onset of breast cancer in the general population. Therefore, empirical data of risks for family members of unselected cases of breast cancer are needed to improve current guidelines.
In this study, we used data regarding sisters of recently diagnosed breast cancer patients. These patients were unselected for their age at breast cancer diagnosis, and their family history. The aim of this study was to determine the predictive value of a family history of cancer with regard to early onset of female breast cancer in a population-based setting.
Methods

Design
We studied the predictive value of a family history of cancer with regard to early onset of breast cancer in a large group of women with and without breast cancer. These women were unselected for having breast cancer, but they all had a family history of breast cancer, having at least one sister with breast cancer, as they were selected via their affected sister. These affected sisters (the index patients) had recently been diagnosed with breast cancer and originated from a cohort of breast cancer patients who were unselected for age of breast cancer or family history.
Index patients
Index patients (affected sisters) had a recent diagnosis of primary invasive breast cancer or DCIS (ductal carcinoma in situ) and were consecutively asked to participate in a population-based study "PROSPECT" from 1996 to 2002. This population-based study was carried out at the Leiden Apart from age of diagnosis, these index patients were unselected for age of breast cancer diagnosis, family history for cancer and history of breast cancer screening. The mean age of the index patients was 52.7 (SD 11.1). Index patients younger than 70 years in the study were comparable with those registered in the Comprehensive Cancer Center of The South-West Netherlands during the years 1996-1999, with regard to age distribution (data not shown). For index patients older than 70 years, our sample was comprised of few cases when compared to the almost complete cancer registry of the region. This is mainly due to the exclusion of these patients in the Daniel den Hoed Cancer Center. In first-degree relatives of index patients in our series, the overall breast cancer incidence was twice as high as in the general population, agreeing with the excess risk reported in other population-based studies [2, 3] . For 980 index patients, information regarding breast cancer screening history was available. Overall, 632 (64.5%) patients participated in any kind of screening program. 541 (85.6%) participated in the National Breast Cancer Screening Program (biannual mammography), 42 patients (all above the age of 50; 6.6%) participated in both the National Breast Cancer Screening Program and a High Risk Screening Program (annual mammography), and 49 (7.8%) participated in a High Risk Screening Program. In the majority of these screened women, breast cancer was diagnosed based on symptoms and not based on a finding in the screening program, namely in 286 (52.7%), 33 (67.3%) and 31 (73.8%) cases, respectively.
For each index patient the following disease characteristics were recorded: age at diagnosis of first breast cancer, the occurrence of bilateral breast cancer, and any other diagnosis of cancer. Based on interviews with the indexpatients, for each index patient a detailed family history of breast cancer regarding the occurrence of malignancies in first-and second-degree relatives was assessed, and a pedigree was drawn. For each relative, the current age or, if deceased, age of death was assessed. For each relative affected with cancer, the age at diagnosis and the type of cancer (e.g. breast, ovary, and prostate cancer) was registered. Medical records of relatives were not checked, so we were not able to assess types of breast cancer in the family, or to discern bilateral breast cancer from breast cancer recurrences in family relatives besides the index patient. Therefore, the distinction between invasive breast cancer and DCIS, or unilateral and bilateral breast cancer was only assessed for the index patients.
Study population
The original cohort contained 1,152 index patients of whom 286 patients did not have sisters. These patients and their families could not be included in the study. The remaining 866 index patients had 1,987 sisters. These 1,987 women with and without breast cancer formed the study population.
Analyses
We analyzed the impact of a family history of cancer on the early onset of breast cancer in 1,987 women (sisters). For each of these women it was determined whether or not they had been diagnosed with breast cancer and, if so, at what age. If they were not diagnosed with breast cancer and still alive, their age at the time of the interview with the index patient was assessed. If they were not diagnosed with breast cancer and deceased, their age of death was assessed. Additionally, their family history was analyzed. The following were considered to be first-degree relatives of these women: the affected sister (index patients), mothers, and daughters. To avoid dependency between women in families with more than one sister, sisters with breast cancer other than the index patient were excluded from the family history of the women under study. To explain, suppose a family with three sisters, in which the index has a diagnosis of breast cancer as well as one of the other sisters. All sisters, so both a sister affected with breast cancer and a sister unaffected with breast cancer, were included in the analysis as an outcome, with only the information regarding breast cancer in the index patient (the third sister), mother, daughters and 2nd degree relatives as predictors. The following were considered to be second-degree relatives: grandmothers, aunts (sisters of mother or father), and daughters of the affected sister. Early onset of breast cancer was defined as breast cancer diagnosed before the age of 50 or breast cancer diagnosed before the age of 30.
Family histories included the number of cases of breast cancer in first and second-degree relatives, the age at diagnosis of the first breast cancer, ovarian cancer, the combination of ovarian and breast cancer in one person, prostate cancer under the age of 60, and bilateral breast cancer or DCIS in the index patient.
First, we examined the effect of the various family histories on age at breast cancer diagnosis in the women by using a Kaplan-Meier model. Log rank tests were performed. Age of the women was taken as time variable. Follow-up time was censored at their age of the diagnosis of first breast cancer, their age at the moment of the interview with the index patient or the age when dying.
Second, by using Cox-regression, the age of first breast cancer diagnosis was univariate modeled as a function of the various types of family histories (covariates) yielding hazard ratios. Due to low prevalence, the hazard ratios could be considered as relative risks. To test the assumption of proportional hazards, an interaction term of a covariate and a time-dependent covariate was added [10] . A significant effect of that interaction term denotes the presence of a time-dependent effect and thus a violation of the proportional hazards assumption. As the estimated hazard ratios were not constant over time, we performed Coxregression with a time-dependent effect, with age at breast cancer diagnosis in the women under study as the dependent variable. For each covariate, a model was built including this covariate and an interaction term of a covariate and a time-dependent covariate. Hazard ratios for the women's chances of developing breast cancer at age 30 and an estimate of the relative change with increasing age (a period of 10 years) of these hazard ratios were calculated.
Then, a multivariate analysis was performed, by using a Cox-regression model again with a time-dependent effect, and with age at breast cancer diagnosis in the women under study as the dependent variable. The model was built in a stepwise fashion, including variables that improved the overall fit of the model with statistical significance (p < 0.05). Again, a hazard ratio for the women's chances of developing breast cancer at age 30 and an estimate of the relative change with increasing age (a period of 10 years) of this hazard ratio was calculated.
The developed model was used to calculate a model score, based on the family history characteristics included in the multivariate model. Each family history characteristic yielded one point in this model. Then we verified how many women with breast cancer were identified correctly, by using different cut-off values of the model score. Furthermore, positive and negative predictive values of the model, with regard to an early onset of breast cancer in the women under study, were calculated.
Results
Study population
Of the 1,987 women under study, 136 (6.8%) had been diagnosed with breast cancer. The incidence of breast cancer increased with age ( Figure 1 ).
Family history and age of breast cancer onset
The 1,987 women included in the study had 32,791 first or second-degree relatives in total. A higher risk of breast cancer among these women was statistically significantly related to having at least 2 cases of female breast cancer in first or second-degree relatives, at least 1 case of early female breast cancer (i.e. under the age of 50 or 40), or bilateral breast cancer (Table 1) . These effects were stronger for women under the age of 50 with breast cancer. The presence of one of these characteristics more than doubled the breast cancer risk at age 30 ( Table 2 ). This risk decreased with increasing age.
In this population, having at least 2 cases of female breast cancer under the age of 40, having at least 1 case of female breast cancer under the age of 30, or having male breast cancer or prostate cancer under the age of 60 was rare ( Table 1) . Ovarian cancer and DCIS were not statistically significant associated with an early age at onset of breast cancer in the women under study ( Table 1) .
Four variables (at least 2 cases of female breast cancer in first-degree relatives (yes/no), at least 2 cases of breast cancer in first or second-degree relatives under the age of 50 (yes/no), at least 1 case of breast cancer under the age of Age at onset of first breast cancer among the women under study 0.0 40 in a first or second-degree relative (yes/no), and any case of bilateral breast cancer (yes/no)) contributed to the presence of breast cancer at 30 years of age, both independently and with statistical significance (Table 3 ). Of these four family characteristics, the highest hazard ratio for developing breast cancer was related to bilateral breast cancer (HR: 3.47) and the lowest was related to having at least one case of female breast cancer under the age of 40 (HR: 2.06). All the hazard ratios decreased with increasing age, except the one related to having at least one case of female breast cancer under the age of 40 years.
Model score
Based on family history characteristics included in the multivariate model, a model score was calculated; each family history characteristic yielded one point in this model. As scores of three and four were rare (seven and three cases respectively), the score was recoded into '0', '1', and '2 or more'. Scores of 1 and higher were registered for about one-quarter of all (affected and disease-free) women, for about one-third of the women with breast cancer (regardless of age), for 40% of the women with breast cancer under the age of 50, and for 60% of the women with breast cancer under the age of 30 (Table 4) .
Predictive value of model score
As the model score increased, the age of breast cancer diagnosis decreased (Figure 2) . The hazard ratio for developing breast cancer at 30 years of age was notably related to a model score of 2 or more (10.62; Table 3 ). With increasing age of the women, this hazard decreased sharply (hazard ratio at age 40: 4.56; at age 50: 1.96).
The positive predictive values for model scores of '1 or more' and '2 or more' for breast cancer before the age of 30 were 0,5% and 0.9% respectively, 4% and 11% respectively for breast cancer before the age of 50, and 8% and 13% respectively for breast cancer before the age of 70 * To avoid dependency between women in families with more than one sister, sisters other than the index patient were excluded from the family history of the women under study.
( Table 5 ). The negative predictive value of the model scores varied from nearly 100% to 94%. The concordance index varied from 77% tot 94%.
Discussion and Conclusion
The aim of this study was to examine whether a family history of cancer is useful in predicting early-onset female breast cancer. This was studied in a population-based setting as compared to a high-risk clinic. Family history was indeed a strong indicator of an early diagnosis of breast cancer, and it was most strongly related to breast cancer diagnosed before the age of 50. Factors related to family histories that were connected to a younger age at breast cancer diagnosis were: (1) at least 2 cases of female breast cancer in first-degree relatives (yes/no), (2) at least 2 cases of female breast cancer in first or second-degree relatives under the age of 50 (yes/no), (3) at least 1 case of breast cancer in a woman younger than 40 years in a first or second-degree relative (yes/no), and (4) any case of bilateral breast cancer (yes/no). These four factors were included in a model score, each representing one point in this model. When at least two of these characteristics were present, we cancer in the population, the positive predictive value of the presence of at least 2 of the 4 characteristics (a model score of 2 or more) was 13% for breast cancer before the age of 70, 11% for breast cancer before the age of 50, and Age at onset of first breast cancer among the women under study related to the model score 1% for breast cancer before the age of 30. The negative predictive value was respectively, 94%, 97% and nearly 100%.
In most guidelines the prerequisite for starting breast cancer surveillance before the age of 50 is at least one firstdegree relative diagnosed with breast cancer under the age of 40 [4, 5] or 50 [6, 7] . Additional criteria are: more than one relative with breast cancer, relatives with bilateral breast cancer, ovarian cancer, male breast cancer, or prostate cancer before the age of 60 [8] . In our study, at least 2 cases of female breast cancer in first-degree relatives, or having at least 1 case of breast cancer in a woman younger than 40 years in a first or second-degree relative were associated with early onset of breast cancer. This is in line with Claus tables who models age of onset of breast cancer as a function of family history of breast among first degree relatives [11] . As compared to the Claus tables, we added the criterion having at least 2 cases of female breast cancer in first or second-degree relatives under the age of 50. In our study, having one first-degree relative with breast cancer before the age of 50 was not associated with early onset breast cancer. This is also in line with the Claus tables [11] .
In our study, male breast cancer, DCIS, ovarian cancer, and prostate cancer under age 60 in the family were not associated with early onset of breast cancer. In addition, we found a lower prevalence of ovarian cancer, early onset prostate cancer and male breast cancer than in other studies on breast cancer risk assessment [12] [13] [14] . A first explanation might be that these types of cancer are not very well known among family members and that these cancers may be underreported in the original interviews with the index patient, with regard to the family history of cancer. All data regarding family history were based on interviews with the index patients; medical records of relatives with malignancy were not checked. This can be considered a valid method insofar as family history is limited to breast cancer among first-degree relatives [15] . Data regarding ovarian and prostate cancer and data regarding seconddegree relatives might be underreported [16] . As a consequence, our study had not enough power to analyze whether presence of male breast cancer or ovarian cancer is useful in predicting early-onset female breast cancer.
A second explanation might be, that these types of cancer are more frequent in the study populations of mentioned studies, than could be expected in the general population, as these studies focused on the prediction of breast cancer risk using estimates on the prevalence and penetrance of BRCA1 and BRCA2 mutations. As ovarian cancer, early onset prostate cancer and male breast cancer are associated with such mutations [17, 18] , the study populations of these studies may have included high risk groups more frequently than low risk groups.
Bilateral breast cancer is generally considered an indicator of a genetic susceptibility of breast cancer. However, recent studies showed only a weak association of BRCA1/ 2 mutation status with bilateral breast cancer [19] [20] [21] . In our study bilateral breast cancer is strongly related to early onset of breast cancer. This may indicate that genes other than BRCA1 and BRCA2 are involved in familial clustering of bilateral breast cancer.
We based our analyses on the presence or absence of breast cancer in women who were sisters of breast cancer patients. These breast cancer patients were included as index patients in a cohort study. Apart from age of diagnosis, this series of index patients can be considered representative of women with a diagnosis for breast cancer, unselected for family history of breast cancer. In one of the participating centers, only patients under the age of 70 were asked to participate. This selection on age might give a slight overestimation of the risks found in this study, especially for the older age groups. Due to relatively small number of index cases in the age group of 70 years and over, we were not able to quantify these effects. However, as the prediction of female early onset breast cancer based on a family history of breast cancer will be especially important for younger women, we suppose that the effects are marginal.
(9%) affected patients participated in a High Risk
Screening Program with annual mammography. Among these women, only one-third of the breast cancers (n = 27) was diagnosed based on a finding in the screening program. We expect that part of the sisters of these affected patients might have participated in a High Risk Screening Program before their sister (the index patient of our study) was diagnosed with breast cancer. Because it is a very small group we do not expect this has influenced the outcomes of the here presented analysis.
In theory, there might be cohort effects regarding the age of onset of breast cancer. We checked the data, but could not find any. As a consequence, there was no indication to control for a cohort effect. Another consequence was that we could consider the outcome (a sister's cancer) as an equivalent to the predictor (the index cancer) and mutual exchangeable, which allowed us to perform the analysis we did.
Including population-based control subjects who did not have a sister with breast cancer would have given us the opportunity to estimate a baseline risk for women without a family history of breast cancer. However, early-onset breast cancer incidence in the absence of any family history for cancer is likely to be quite low, and because it was not related to the main question of this analysis, we decided not to perform such a study.
Ideally, the current study should be carried out in families who test negative for BRCA1/2 and other familial breast cancer genes. On the other hand, the two breast cancer susceptibility genes thus far known, BRCA1 and BRCA2, only explain 15-20% of the familial clustering of breast cancer, and less than 5% of breast cancer overall [9] . As a consequence, for most women with a family history of cancer, their breast cancer risk estimate will be based on their family history and not on their genetic status [22] .
Correction for possible bias, due to dependency between women in families with more than one sister, has not been part of this analysis, as sisters other than the index patient were excluded from the family history of the women under study. Supposing there is some dependency, the accuracy (width of the confidence intervals) of the data might be slightly overestimated. However, because the significance levels are far from the 5% level, we do not expect that this has had an influence on our results.
Validating this model is a next step of research and should preferably be performed in another database [23] . Another way of validating this model is to compare it with existing models. However, as mentioned in the introduction, most existing models have been derived from estimates based on data from cancer prone families. The aim of the current study was to work on a model based on a population not selected for family history of (breast) cancer. The most known model based on such a population is the Claus model, which predictions are in line with our results. Though not demonstrated in this study, it has been shown that male breast cancer and ovarian cancer are important covariates in predicting early onset breast cancer [24, 25] . Further research is needed to assess the predictive value of DCIS and prostate cancer under the age of 60.
In conclusion: applying family history related criteria could result in the screening of many women who will not develop breast cancer at an early age. Chances of developing early breast cancer are very small, when there is limited family history for (breast) cancer and none or only one of the following criteria is applicable: (1) at least 2 cases of female breast cancer in first-degree relatives; (2) at least 2 cases of female breast cancer in first or seconddegree relatives under the age of 50; (3) at least 1 case of female breast cancer under the age of 40 in a first-or second-degree relative; and (4) any case of bilateral breast cancer. If the model score of women would be below 2 points, their risk for developing breast cancer at an early age would be low, and screening at an early age might not be indicated. At age 40 or 50 (depending on the country they live in), these women will be invited to participate in the national screening program. If the model would be used in clinical decision settings, it would be an easy to use method to reassure a large number of women regarding their personal breast cancer risk at an early age and their need to be referred to early screening programs or genetic centers.
